The clinical effect of routine oxygen therapy in patients with suspected acute myocardial infarction who do not have hypoxemia at baseline is uncertain.
Oxygen Ther apy in Suspected Acute Myocardial Infarction M yocardial infarction is caused by a mismatch of oxygen and substrate supply and demand in the myocardium that leads to ischemia and ultimately to cell death. Therefore, for more than a century, supplemental oxygen has been used routinely in the treatment of patients with suspected acute myocardial infarction 1 and is recommended in clinical guidelines. 2, 3 The rationale behind oxygen therapy is to increase oxygen delivery to the ischemic myocardium and thereby limit infarct size and subsequent complications. The basis for this practice is limited to experimental laboratory data and small clinical studies. [4] [5] [6] However, above-normal oxygen levels in the blood can cause coronary vasoconstriction 7 and increase the production of reactive oxygen species, 8 potentially contributing to reperfusion injury. Such a negative effect is supported by the Australian Air Versus Oxygen in Myocardial Infarction (AVOID) trial, which reported larger infarct sizes in patients with ST-segment elevation myocardial infarction (STEMI) who received oxygen than in those who did not receive oxygen. 9 Furthermore, an updated Cochrane report 10 from 2016 did not show any evidence supporting the routine use of oxygen in the treatment of patients with myocardial infarction. Trials powered to assess hard clinical end points with regard to oxygen use in this context are lacking. Thus, the efficacy of routine oxygen therapy in patients with myocardial infarction remains highly uncertain.
We therefore conducted a registry-based randomized clinical trial to evaluate the effect of oxygen therapy on all-cause mortality at 1 year among patients with suspected myocardial infarction who did not have hypoxemia at baseline.
Me thods

Trial Design
The Determination of the Role of Oxygen in Suspected Acute Myocardial Infarction (DETO2X-AMI) trial was a multicenter, parallel-group, open-label, registry-based, randomized, controlled trial in which routine supplemental oxygen therapy was compared with ambient air in the treatment of patients with suspected myocardial infarction who did not have hypoxemia at baseline. The trial used the national comprehensive Swedish Web System for Enhancement and Development of EvidenceBased Care in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART) (see the Supplementary Appendix, available with the full text of this article at NEJM.org) 11 for patient enrollment and data collection.
The trial design and methods have been described and published previously. 12 Approval of the protocol was obtained from the regional ethics review board in Gothenburg and the Swedish Medical Products Agency. The trial sponsor was the Karolinska Institutet. Trial and data management, monitoring, and statistical analyses were performed at the Uppsala Clinical Research Center at Uppsala University. The trial was conducted and the manuscript written by the authors (details are provided in the Supplementary Appendix), who decided to submit the manuscript for publication. The authors vouch for the accuracy and completeness of the data and all analyses and for the fidelity of the trial to the protocol and statistical analysis plan, which are available at NEJM.org. The funding agencies had no access to the trial data and no role in the trial design, implementation, or reporting. No sponsorship or funding from industry or forprofit sources was received for the trial.
Patients
Patients who presented to the ambulance services, emergency departments, coronary care units, or catheterization laboratories of participating hospitals were evaluated for eligibility. Trial participants were required to be 30 years of age or older and to have symptoms suggestive of myocardial infarction (defined as chest pain or shortness of breath) for less than 6 hours, an oxygen saturation of 90% or higher on pulse oximetry, and either electrocardiographic changes indicating ischemia 13 or elevated cardiac troponin T or I levels on admission (i.e., above the locally defined decision limit for the identification of myocardial infarction). To allow complete follow-up through the Swedish National Population Registry, only Swedish citizens who had a unique personal identification number were enrolled.
Patients who were receiving ongoing oxygen therapy, as well as those who presented with a cardiac arrest or had a cardiac arrest between presentation and enrollment (for whom high-flow oxygen therapy would normally be provided), were excluded. If supplemental oxygen therapy had been administered for less than 20 minutes before evaluation for enrollment, a new evaluation was allowed after discontinuation of oxygen delivery and 10 minutes of washout.
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Trial Procedures
Patients who met all inclusion criteria and no exclusion criteria were asked to provide oral consent followed by written confirmation within 24 hours, as described in the Supplementary Appendix. After oral consent was obtained, patients were randomly assigned to receive either oxygen therapy (at 6 liters per minute for 6 to 12 hours delivered through an open face mask) or ambient air. Unrestricted 1:1 randomization following a computer-generated list was performed with the use of an online randomization module embedded in SWEDEHEART. For patients in the oxygen group, oxygen therapy was initiated directly on site immediately after randomization.
Any treatment outside the trial protocol was left to the discretion of the treating physician. Oxygen saturation was documented at the beginning and at the end of the treatment period. If it was deemed clinically necessary, particularly in cases of hypoxemia (defined as an oxygen saturation <90%) caused by circulatory or respiratory failure, supplemental oxygen outside the protocol was provided, which was reported separately.
End Points and Follow-up
The primary end point was death from any cause within 365 days after randomization, assessed in the intention-to-treat population. Secondary end points included death from any cause within 30 days after randomization, rehospitalization with myocardial infarction, rehospitalization with heart failure, and cardiovascular death (as described in the Supplementary Appendix), as well as composites of these end points, assessed at 30 days and 365 days.
Analyses of death, rehospitalization with myocardial infarction, and the composite of death or rehospitalization with myocardial infarction are included in this report. Data on the end points of rehospitalization with heart failure and cardiovascular death are not available from SWEDEHEART and must be obtained from the Swedish National Inpatient and Outpatient Registries. Owing to a delay of up to 12 months from the date of database lock for the Swedish National Board of Health and Welfare to make these data available, analyses of these end points are not included in this report.
Mortality data were obtained from the Swedish National Population Registry, which includes the vital status of all Swedish citizens. All other variables were obtained from SWEDEHEART, which is monitored on a regular basis. 11 Diagnoses at discharge are listed according to codes from the International Classification of Diseases, 10th Revision (ICD-10).
The end of follow-up was December 30, 2016, which was 365 days after the last patient underwent randomization. To allow for any lag in registry reporting, the final database was extracted from SWEDEHEART on February 28, 2017, including data on any linked deaths that occurred through December 30, 2016, and reported in the population registry as of February 14, 2017. Five patients who were never included in SWEDEHEART were followed up manually for data on mortality by the investigators in January 2017. No central adjudication or trial-specific patient follow-up was performed.
Through restriction of access to the randomization list to authorized SWEDEHEART personnel, the trial team and steering committee were kept unaware of the study-group assignments until the locking of the database. Accumulated data without study-group information were available for the monitoring of progress throughout the trial.
Statistical Analysis
The sample size was calculated from published data 14,15 and analyses from SWEDEHEART for the years 2005 through 2010. The 1-year total mortality among patients with myocardial infarction was estimated to be 14.4%. A clinically relevant effect of supplemental oxygen was defined as a 20% lower relative risk of death from any cause within 1 year in the oxygen group than in the ambient-air group. With the chisquare test, to be able to reject the null hypothesis at a significance level of 0.05 (two-sided) with a power of 0.90, a total of 2856 patients per group were needed. To control for patients crossing over or not completing the trial, the planned sample size was increased to 3300 patients per group, which resulted in a total of 6600 patients.
The results were analyzed according to the intention-to-treat principle. 16 Randomization numbers assigned unintentionally, such as by clicking the wrong box or randomly assigning the wrong patient record in SWEDEHEART, were recorded in the clean file documentation and removed from the analysis database. A supplementary per-protocol analysis was conducted in which patients were excluded if they were Oxygen Ther apy in Suspected Acute Myocardial Infarction reported as having not completed participation in the trial through the end of the treatment period, unless the noncompletion was due to hypoxemia.
The time-to-event analysis of death from any cause within 365 days after randomization is presented as Kaplan-Meier curves. Hazard ratios were calculated with the use of a Cox proportional-hazards model, with adjustment for age in years (as a linear covariate on the log-hazard scale) and sex. 17 Estimates of differences between the study groups are presented with twotailed 95% confidence intervals and associated P values. A two-tailed P value of less than 0.05 was considered to indicate statistical significance. Eleven prespecified subgroup analyses (as defined in the Supplementary Appendix) were performed with the use of proportional-hazards models with adjustment for age and sex and formal tests for interaction. All analyses were conducted with SAS software, version 9.4 (SAS Institute).
R esult s
Trial Population
Of the 69 hospitals in Sweden with acute cardiac care facilities, 35 participated in the trial. Between April 13, 2013, and December 30, 2015, a total of 6629 patients with suspected myocardial infarction were enrolled and included in the intention-to-treat analysis (Fig. 1) . Twenty-one randomization numbers that were assigned by mistake were discarded.
Overall, 6243 patients (94.2%) were enrolled because of chest pain, and 140 patients (2.1%) were enrolled because of shortness of breath. A total of 4433 patients (66.9%) arrived at the hospital by ambulance. The median time from symptom onset to randomization (data were available for 5685 patients) was 245 minutes in the oxygen group and 250 minutes in the ambient-air group (Table 1) .
The baseline characteristics and clinical presentation of all the patients, as well as the final diagnoses, are provided in Table 1 . The final diagnosis was myocardial infarction in 5010 patients (75.6%) (including 2952 patients [44.5%] with STEMI), angina pectoris in 374 (5.6%), other cardiac disease in 511 (7.7%), pulmonary disease in 32 (0.5%), unspecified chest pain in 492 (7.4%), and another, noncardiovascular condition in 210 (3.2%).
Procedural Data
Data on medication, procedures, and complications during the hospitalization period are provided in Table 2 . At the time of randomization, the median oxygen saturation was 97%. Overall, 3311 patients were assigned to receive oxygen and 3318 patients were assigned to receive ambient air. The median duration of oxygen therapy was 11.64 hours, with a median oxygen saturation at the end of the treatment period of 99% among patients assigned to oxygen and 97% among patients assigned to ambient air (P<0.001).
In total, 316 patients (4.8%) received supplemental oxygen outside the trial because of the development of hypoxemia (resulting from any cause, including cardiac arrest or circulatory or respiratory failure), including 62 patients (1.9%) assigned to oxygen and 254 patients (7.7%) as- Eligible patients with suspected myocardial infarction who presented to the ambulance service, emergency departments, coronary care units, or catheterization laboratories of participating hospitals were evaluated for inclusion. Shown are the numbers of patients who were enrolled in the trial, randomly assigned to a study group, and followed up during the trial period. DETO2XAMI denotes Determination of the Role of Oxygen in Suspected Acute Myocardial Infarction trial. signed to ambient air (P<0.001). An additional 403 (6.1%) patients did not complete participation in the trial in their randomly assigned study group through the end of the treatment period, including 297 patients assigned to oxygen (the most common reason for noncompletion was the patient declining to continue oxygen therapy) and 106 patients assigned to ambient air ( Fig. 1 , and the Supplementary Appendix). The per-protocol analysis included 3014 patients (91.0%) assigned to oxygen and 3212 patients (96.8%) assigned to ambient air (Fig. 1) . Intravenous inotropic agents were used in 46 patients (1.4%) assigned to oxygen and 70 patients (2.1%) assigned to ambient air (P = 0.02).
Clinical Outcomes
Follow-up data on mortality were obtained for all patients from the records of the Swedish National Population Registry (see the Supplementary Appendix). Among patients who were randomly assigned to receive oxygen, 5.0% (166 of 3311) died within 1 year after randomization, as compared with 5.1% (168 of 3318) randomly assigned to ambient air (hazard ratio, 0.97; 95% confidence interval [CI], 0.79 to 1.21; P = 0.80) ( Fig. 2 and Table 3 Rehospitalization with myocardial infarction within 1 year occurred in 126 patients (3.8%) assigned to the oxygen group and 111 patients (3.3%) assigned to the ambient-air group (hazard ratio, 1.13; 95% CI, 0.88 to 1.46; P = 0.33). The composite end point of death from any cause or rehospitalization with myocardial infarction occurred in 275 patients (8.3%) in the oxygen group and 264 patients (8.0%) in the ambientair group (hazard ratio, 1.03; 95% CI, 0.87 to 1.22; P = 0.70). No significant difference between the two groups was detected at 30 days with regard to death, rehospitalization with myocardial infarction, or the composite of these two end points. Data on the highest measured level of highly sensitive cardiac troponin T during hospitalization were available for 3976 of 5010 patients (79.4%) with confirmed myocardial infarction, and this measure did not differ significantly between the study groups ( T h e ne w e ngl a nd jou r na l o f m e dicine
Outcomes among Patients Not Enrolled in the Trial
During the trial period, a total of 22,872 patients with confirmed myocardial infarction were reported in the SWEDEHEART registry at participating sites, of whom 5010 (21.9%) were enrolled in the DETO2X-AMI trial. The remaining 17,862 patients with confirmed myocardial infarction who did not undergo randomization were at higher risk for all the end points we considered (Table S1 in the Supplementary Appendix), were more often admitted with dyspnea and after cardiac arrest, and had considerably worse outcomes (Table S2 in Appendix) than those with confirmed myocardial infarction who were enrolled in the trial. Patients with suspected but not confirmed myocardial infarction who were not enrolled in the trial are not recorded in the SWEDEHEART registry, and therefore data for such patients were not available for comparison.
Discussion
This clinical trial involving patients with suspected acute myocardial infarction who did not have hypoxemia at baseline showed no significant effect of supplemental oxygen, as compared with ambient air, on all-cause mortality at 1 year or on the incidence of rehospitalization with myocardial infarction. The absence of an effect of supplemental oxygen on mortality was consistent in all prespecified subgroups, regardless of baseline characteristics or final diagnosis. These findings are consistent with the results of metaanalyses 10, 17, 18 and are also in accordance with the recently published results of the small (100 patients) Supplemental Oxygen in Catheterized Coronary Emergency Reperfusion (SOCCER) trial, 19 in which oxygen was found to have no effect on infarct size.
The AVOID trial of oxygen in acute myocardial infarction enrolled 441 patients with STEMI. The AVOID investigators reported larger myocardial infarcts among the patients who were assigned to receive oxygen than among those who were not assigned to receive oxygen. 9 A larger infarct size due to oxygen could be expected to increase mortality. 20 However, we did not see any effect of oxygen on mortality in the current trial. We also found no difference between the two study groups in the extent of myocardial injury as indicated by cardiac troponin levels, despite a lower incidence of hypoxemia in the oxygen group. The two trials differed in several ways. The DETO2X-AMI trial recruited 15 times as many patients as the AVOID trial. Furthermore, in the DETO2X-AMI trial, we recruited patients with suspected myocardial infarction in the prehospital and hospital Kaplan-Meier curves are shown for the cumulative probability of death from any cause up to 365 days after random ization among patients assigned to oxygen or ambient air. The proportionalhazards assumption was subjected to post hoc testing by inserting a linear treatment-time interaction in the Cox proportionalhazards model, which did not noticeably improve the model fit (P = 0.61). The inset shows the same data on an expanded y axis. T h e ne w e ngl a nd jou r na l o f m e dicine settings, whereas in the AVOID trial only patients with STEMI were enrolled, and all patients were enrolled through the ambulance service. In the DETO2X-AMI trial, we enrolled patients who had an oxygen saturation of 90% or higher, and we administered oxygen at 6 liters per minute through an open face mask, whereas in the AVOID trial a lower limit of 94% oxygen saturation was used, and oxygen was provided at 8 liters per minute through a closed mask.
Several limitations of the present trial warrant consideration. Our trial was an open-label trial; double blinding was not considered to be feasible or ethical, because there is no pressurized air in Swedish ambulances, and the available closed Hudson masks might have put patients at risk for carbon dioxide retention if they had been used as a sham comparator. Clinical and procedural end-point measures were obtained from SWEDEHEART and the Swedish National Population Registry and were not centrally adjudicated. However, the primary end point of death from any cause does not require adjudication. Any degree of uncertainty in other nonadjudicated secondary outcome variables should be equally distributed over the two randomized study groups. Furthermore, the agreement between key variables in the registry and medical records has repeatedly been found to be 95% to 96% when checked by designated registry monitors in the past. 11 Finally, when the trial was being planned, available sources suggested a 1-year mortality of 14.4% among patients with myocardial infarction, and this value was used in our power calculations. 12 In reality, mortality was substantially lower, for several reasons. The power calculation was based on a cohort of patients from the SWEDEHEART registry, all of whom had a final diagnosis of myocardial infarction that was evaluated independently of levels of oxygen saturation (which are not available in SWEDEHEART), whereas 24.4% of the participants in our trial had other diagnoses, and some of these patients were at lower risk for death than those with myocardial infarction. By design, our trial excluded patients with hypoxemia, but these patients contributed considerably to the total mortality in an unselected population with myocardial infarction. Consequently, the patients with myocardial infarction who did not undergo randomization during the trial period were at higher risk for all the end points we considered and had higher event rates than the patients who were included in our trial. In addition, the informed-consent procedure approved by the ethics committee demanded oral agreement before initiation of the trial. Therefore, patients with altered mental Oxygen Ther apy in Suspected Acute Myocardial Infarction status were not eligible to participate in the trial. Because power for evaluation of the primary end point was lower than anticipated, we cannot completely rule out a small beneficial or detrimental effect of oxygen on mortality. However, the superimposable time-to-event curves until 12 months, the consistent results in all prespecified subgroups, and the neutral results with regard to the secondary clinical and procedural end points make a clinically relevant difference unlikely.
In conclusion, we conducted a pragmatic, registry-based randomized clinical trial evaluating supplemental oxygen versus ambient air in patients presenting with suspected myocardial infarction who were not hypoxemic at baseline. We did not find a beneficial effect of oxygen treatment with respect to all-cause mortality at 1 year.
